
Ground and satellite monitoring of atmospheric
pollution processes in urban areas
Ruslana A. Amikishieva1,2, Vladimir F. Raputa1 and Anatoly A. Lezhenin1

1Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk, Russia
2Siberian Center FGBU “SRC “Planeta”, Novosibirsk, Russia

Abstract
The results of the analysis of atmospheric pollution processes in the vicinity of the Chernorechensky
cement plant and the Iskitim city were presented. Snow cover samples and high-resolution satellite
images were used as research materials. The reconstruction of the fields of impurity concentration
was carried out on the basis of low-parameter models. Statistical relationships were identified between
ground-based and satellite observations.
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1. Introduction

The use of modern observation tools and mathematical modeling makes it possible to obtain a
picture of the processes of pollutants transport in the atmosphere, areas of pollution, to assess
the total aerosol fallout [1, 2, 3, 4]. Snow cover is the budgetary and informative material
for conducting ground and satellite observations in Siberia [3, 5, 6, 7, 8]. It accumulates the
multicomponent composition of pollutants and reflects the spatial dynamics of the spread of
atmospheric emissions from sources. Due to the snow cover, winter satellite images provide
a picture of aerosol deposition of impurities across the territories [5, 6, 9, 10, 11, 12]. Low-
parameter models of mono- and polydisperse, in the case of low sources — light impurities can
be used to reconstruct contamination fields. The features of the models (namely, the presence of
aggregated parameters) make it possible to numerically reconstruct the concentration field with
a limited set of ground-based observations [3, 13, 14, 15]. The use of multispectral satellite images
makes it possible to calculate the Normalized Difference Snow Index (NDSI), which indirectly
characterizes the presence of impurities in the snow [16, 17]. The methods of statistical analysis
reveal the presence of functional relationships between the data of ground measurements and
the NDSI values. Joint use of terrestrial and satellite information allows better validation of
modeling results and expands possible areas of research.

The aim of the work is a numerical analysis of the atmospheric pollution processes of urban
and industrial territories of the Iskitim region on the data of ground and satellite monitoring of
snow cover pollution.
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2. Research objects

Environmental monitoring is a very important task for the majority of large cities [18, 19]. Air
emissions from industrial enterprises have a negative impact on the health of the population
and the ecosystems of the surrounding areas. Control over the state of the atmosphere of cities
is carried out using both observation posts and natural tablets [5, 19].

The object of this study was the territory of Iskitim, one of the industrial centers of the
Novosibirsk region. Iskitim is located 50 km south of Novosibirsk along the Berd River. The main
part of the city is located in the valley of the Berd river. In this area, southern, southwestern
winds prevail. The river valley has a significant impact on the processes of the spread of
impurities from industrial enterprises, vehicles. Industrial enterprises such as a cement plant, a
thermal power plant, a plant of reinforced concrete products, etc. are located directly within
the city.

Particular attention is paid to the study of pollution in the vicinity of the Chernorechensk
cement plant (CCP), which is located in the northern part of Iskitim. The structure of the plant’s
emissions is dominated by suspended solids, oxides of nitrogen and sulfur, benz(a)pyrene. The
dispersed composition of dust emissions is characterized by significant heterogeneity [3].

3. Models and methods

The studies used ground-based monitoring data for the winter period of 2019-20, as well
as high-resolution satellite images from the Sentinel-2A, -2B and Landsat-8 spacecraft. The
numerical reconstruction of the fields of atmospheric pollution was carried out according to
low-parameter models: mono-, polydisperse. Linear correlation analysis methods were used to
search for functional relationships between the amount of foreign impurities in snow samples
and the value of the snow index (NDSI) calculated from satellite data. The capabilities of the
developed geographic information system (GIS) were used to graphically represent the results
of numerical modeling [15].

Mono- (1) and polydisperse (2) models for the numerical reconstruction of the fields of
impurity concentration over a long period of time from point sources are presented in the form
of formulas [13, 20, 21]:

𝑄𝑚

(︁
𝑟, 𝜑, �⃗�

)︁
= 𝜃1𝑟

𝜃2 exp

(︂
−2𝑟𝑚
𝑟

)︂
𝑃 (𝜑+ 180∘), (1)

𝑄𝑝

(︁
𝑟, 𝜑, �⃗�

)︁
= 𝜃1𝑟

𝜃2 exp

(︂
𝜃3
𝑟

)︂
𝑃 (𝜑+ 180∘). (2)

Here 𝑟 — the current distance from the emission source to the concentration measurement
point, 𝑟𝑚 — the distance from the source where the maximum concentration of the impurity is
observed, �⃗� — the vector of approximated parameters depending on the characteristics of the
source and standard meteorological conditions, 𝑃 (𝜑) — the wind rose.

The NDSI was used to assess the state of pollution of the snow cover. It is used for detecting
snow cover and is the normalized difference between the visible green channel (0.5–0.6 𝜇m)
and the shortwave infrared channel (1.5–1.8 𝜇m) [16, 17].
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Numerical data processing was carried out using GIS functions. They allow processing
multispectral satellite images, interpolating the contamination field based on NDSI values at
reference points, and reconstructing the field of contamination from a point source based on
ground-based observations.

4. Results

A numerical analysis of the studies of pollution of the snow cover processes was carried out
separately for urban areas and the industrial zone of a cement plant. The city has a large number
of sources of pollutant emissions, which does not allow directly applying the reconstruction
models (1), (2). In the case of a cement plant, these models are quite appropriate.

4.1. Territory of the Iskitim city

In March 2020, snow sampling was carried out taking into account the dominant wind directions,
relief and location of sources in the city. The selection scheme is shown in Figure 1 (leftmost
fragment). Determination of the content of solid sediment in snow samples was carried out at
the Institute of Inorganic Chemistry SB RAS.

a

b

Figure 1: Sampling scheme in the territory of Iskitim, March 2020 correlation of NDSI values and
measured impurity concentration (a); correlation of NDSI and pH values (b).
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The image from the Sentinel-2A spacecraft dated March 11, 2020, suitable in terms of date
and quality, was selected to calculate the snow index.

Graphs of correlations between the values of the snow index and the physicochemical
characteristics of the snow samples composition are shown in Figure 1. Calculations were
made for the total concentration of impurities in the snow and for pH values (Figure 1, a, and b,
respectively). Taking into account the measurement error and the relatively small resolution of
the satellite image (20 m/pixel), we can observe consistency in the dynamics of changes in the
reflectivity of the snow cover and the qualitative composition of impurities in it.

4.2. The Chernorechensk cement plant

In the vicinity of the plant in early March 2020, ground monitoring was carried out along several
routes, taking into account the direction of the main removal of the admixture and the winter
wind rose [22]. The sampling scheme for 2020 is shown in Figure 2, the rhombus marks the
main sources of the plant — two closely spaced 80 meter pipes.

Northwestward from the source, sediment concentrations were calculated using a monodis-
perse reconstruction model (MMR) using two reference points at a distance of 0.72 and 1.64 km
from CCP. The remaining nine points of ground measurements were used to control the quality
of the numerical reconstruction. The result is shown in the graph (Figure 3, a and b) shows the
correlation of NDSI values with the concentration of impurities in the samples.

The conditions allowed for a more detailed chemical analysis of snow samples in 2019. In
particular, the concentrations of dissolved calcium (Ca2+) and potassium (K+), the compounds
of which constitute the main removal of impurities from the cement plant, were calculated
separately. The dependences of the dynamics of changes in the concentrations of Ca2+, K+ and
the characteristics of the degree of reflection of the snow cover are shown in the Figure 4, a
and b. In both cases, a fairly high correlation coefficient is observed. To calculate the NDSI, an
image from the Landsat-8 spacecraft from February 25, 2019 was selected.

Figure 2: Snow sampling scheme in the vicinity Chernorechensk cement plant, 2020.
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a b

Figure 3: Graph of measured and calculated by MMR data impurity concentration (a); correlation of
NDSI values and measured sediment concentration (b).

a b

Figure 4: Correlation of snow index values and dissolved calcium (a), potassium (b).

Figure 5: Reconstructed contamination field according to the polydisperse model.

Also, based on the values of the snow index, using GIS-systems, the fields of atmospheric
pollution in the vicinity of the dry cement production workshop were reconstructed using MMR
and PMR (Figure 5). This workshop is a relatively small source located 3 km east of CCP. The
removal of suspended solids from the enterprise takes place on an open, flat area and is well
fixed on the snow cover.
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Analysis of Figure 5 indicates that the main precipitation of suspended solids occurred in
the northeast direction. The maximum concentration is located a few hundred meters from the
industrial site of the dry cement production workshop.

5. Conclusion

Based on the data of ground and satellite monitoring of the snow cover, a numerical analysis of
the pollution of the territory of Iskitim city and the environs of the Chernorechensk cement
plant was carried out. Linear correlations between the solid sediment of snow samples, pH and
the NDSI index at the sampling points were established for the territories of the city.

Reconstruction of the fields of precipitation of suspended solids in the zone of influence of
atmospheric emissions from the Chernorechensk cement plant was carried out on the basis of
low-parameter models. The functional relationships between the dissolved calcium, potassium
and the NDSI index were established along the sampling route northwest of the cement plant
pipes.

Joint use of ground and satellite information can significantly reduce the cost of monitoring
studies of pollution of territories. The involvement of model descriptions of the processes of
transfer of impurities from sources makes it possible to carry out the numerical reconstruction
of pollution fields from a small number of observation points.
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